In activated rat mesenteric small arteries, the effect of pH1 on force, membrane potential, and free cytosolic calcium ([Ca2"] 
T he main vascular effects of reduction and increase in pH are vasodilation and vasoconstriction, respectively. However, it was reported almost 30 years ago that acute acidification and alkalinization give a paradoxical initial transient vasoconstriction and vasodilation, respectively, in vivo. 12 Similar acute effects of changes in pH have more recently been reported in in vitro experiments,3-8 in which acute intracellular acidification and alkalinization have been seen to induce transient contraction and relaxation, respectively, in different isolated vessels. The intracellular acidification and alkalinization were induced by either changes in Pco2 or incubation with NH4C1. However, although the constriction induced by acidification was seen in vessels activated with either agonists or potassium, the vasodilation seen with alkalinization was mainly seen in vessels activated with agonists.367 The mechanisms responsible for these effects of acute changes in pHi remain unknown. The purpose of this study was twofold: (1) to compare the effect of norepinephrine, potassium, aluminum fluoride (AIF4), and phorbol 12-myristate 13- 2) , and isometric force in vessels activated with norepinephrine, potassium, AIF4, and PMA. The latter two modes of activation were used to bypass the agonist-receptor-coupling step. Changes in pH, were induced by NH4Cl or by changes in Pco2 while pH, was maintained constant.
Materials and Methods Tissue
Arteries with an internal diameter of approximately 200 ,um were dissected out from the mesenteric bed of C02-killed 12 -to 14-week-old male Wistar rats and used in all experiments. 
Measurements of Force and [Ca2+i and of Force and pHi
Simultaneous measurements of [Ca'+]i and force and of pH, and force were obtained as described previously. 910 In brief, vessel segments (approximately 2 mm long) were mounted in a myograph for isometric force measurements.1" The internal circumference of the mounted vessel was normalized on the basis of the passive-tension length curve to a value that was 0.9 times the circumference the vessel would have had in vivo under a transmural pressure of 100 mm Hg. At this setting, near-maximal force development can be obtained.1' The vessels never exhibited myogenic tone, and they were fully relaxed when incubated in physiological salt solution (PSS; for composition, see below). The myograph was then placed on a microscope, and the vessels were loaded for 4 hours at room temperature with 10 ,uM fura 2-AM or for 1 Tables 1 and 2 (Fig 3B) . We have no explanation for this. In norepinephrine-activated vessels, NH4Cl induced changes in the membrane potential (Fig 4) , which could explain the changes in tone (ie, relaxation was associated with repolarization, and force development was associated with depolarization) except during the acute increase in tension caused by acidification, when no change in membrane potential was seen (Table 3 ). In vessels submaximally activated with 0.5 U/L vasopressin, NH4Cl had similar effects on force and membrane potential (Table 3) .
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In four experiments, ryanodine was used to deplete intracellular calcium stores. In these experiments, the vessels were first exposed to 25 mM caffeine, which produced a small transient contraction and a transient increase in [Ca 2+]i (not shown). Thereafter, 10 ,M ryanodine was added, which had no effect on [Ca 2+]i.
Ten minutes later, 25 mM caffeine was added, and now no effect on tone and [Ca2+]i was seen (not shown). In the continuous presence of ryanodine, tone was induced with norepinephrine ( Fig 5) . The norepinephrine response (force and [Ca2+]_) were now unstable (Fig 5) .
The effect of changes in pHi induced by NH4Cl on tone and [Ca2+]i was, however, qualitatively unaffected by the Table  1 ). In contrast to the acute effect of alkalinization on tone in vessels activated with norepinephrine, the acute effect of alkalinization on tone and [Ca'+]I was small ( Fig 6A, Table 2 ). Membrane potential was not affected by alkalinization (Fig 7A) . However, the acute effect of acidification (Fig 6) was a transient force development and a rise in [Ca 2]i (Table 2 ) without a change in the membrane potential (Fig 7A) , as seen during norepinephrine activation. Effects of NH4Cl on membrane potential and force were also assessed in vessels exposed to 20, 30, and 40 mM potassium. In Fig 7B, (Fig 9B) .
Effects of NH4C1 on membrane potential were comparable to the effects during tone induced with AIF4 (not shown).
Discussion
The purpose of this study was twofold: (1) Recordings showing effects of NH4El on tone and membrane potential (Em) AF4-is a known activator of G proteins,'9 although it has also been shown to have an inhibitory effect on cation transport ATPases.20 The AlF4 -induced depolarization, which was similar to that seen with norepinephrine, may suggest that G protein activation plays a role in membrane depolarization and in the consequent maintained rise in [Ca2]i during stimulation with agonists.
Himpens et a121 have reported an increase in [Ca21]i and force after application of AIF4-in guinea pig ileal smooth muscle in which the response was inhibited by calcium antagonists. This is consistent with an important role for calcium flux through potential-operated calcium channels during stimulation with AF4-in that preparation, although the authors also stressed the potential importance of inhibition of the Ca2-ATPase for the response.
The increase in [Ca2]i induced by phorbol ester, which is believed to activate protein kinase C and, like AF4-, bypasses the agonist receptor binding step, is in agreement with a previous report22 although in contrast to other publications that suggest the development of force without an increase in [Ca 2+]1.2324 This may suggest multiple effects of phorbol esters or differences in the effects of phorbol esters between different preparations. However, it has previously been shown that contractions induced by phorbol ester in rat mesenteric small arteries are dependent on the presence of extracellular calcium and that contractions elicited by phorbol ester are inhibited by the calcium antagonist felodipine,25 suggesting that the increase in [Ca2]i may be due to influx of calcium through voltage-operated calcium channels. This interpretation was directly supported by the phorbol ester-induced depolarization seen in the present study. This observation is also consistent with the possibility that activation of protein kinase C may have a direct effect on monovalent or divalent ion channel activity and could be one way through which norepinephrine activation leads to membrane depolarization in these vessels.
With all types of activation, the increase in [Ca'+]i and tone was associated with depolarization. This observation supports the suggestion that one of the key events in excitation-contraction coupling in this preparation is depolarization, which leads to an increase in [Ca"2]i due to increased calcium influx through voltageoperated calcium channels and consequently to force development.9 However, it was also apparent that the effectiveness of [Ca"2] uptake of calcium into an internal store, increased intracellular buffering of calcium, or increased extrusion of calcium. In addition to this, it seems likely that an increase in the effectiveness of calcium for force production is seen, since a small fall in [Ca2"]i was often seen at a time when force was not reduced or even increased (Fig 5B) during the alkaline phase.
The effect of alkalinization on vessels activated with norepinephrine is most likely due to the inhibition of a relatively proximal step in the excitation-contraction coupling, since it was not found with high potassium. Because a marked relaxant effect of alkalinization was also seen in vessels activated with vasopressin and with AIF4, it is unlikely that it represents a decreased binding of norepinephrine to the receptor. Furthermore, because marked effects were seen in vessels activated with AIF4 and less pronounced effects were seen in vessels activated with phorbol ester, the step(s) sensitive to alkalinization may be distal to activation of G proteins but proximal to the activated protein kinase C.
Conclusion
In rat mesenteric small arteries, tone induced with either norepinephrine, potassium, A1F4, or PMA was associated with depolarization and an increase in [Ca2+] . However, the ratio of tension to [Ca2+] varied with the four types of activation, being highest with norepinephrine, AIF4, and PMA and lowest with potassium. Tone induced with agonists was highly sensitive to changes in pHi. Increases in pHi acutely relaxed agonistactivated vessels, which could be explained by repolarization and a consequent reduction in [Ca2"]i. The underlying mechanism may reflect inhibition of the step(s) relatively proximal in the excitation-contraction coupling. The transient force development seen as a result of acute acidification was probably caused by the concomitant increase in [Ca2+]i, although it was not consequent to depolarization. Release of intracellular loosely bound calcium ions or release of calcium from an intracellular calcium store (which is not norepinephrine, ryanodine, or caffeine sensitive) could play a role in this response.
